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(54) Optical switch 



(57) An optical switch comprising: a first optical 
waveguide (21 ) disposed on a substrate having a ther- 
mo-optical effect; a second optical waveguide (22) that, 
at its one end, has a part which is disposed close to and 
in parallel with a part of the first optical waveguide by a 
predetermined length on the substrate so as to be eva- 
nescent-coupled to light propagating through the first 
optical waveguide; light reflector (42) that is disposed 



opposed to the end faces, at the one end, of the first and 
second optical waveguides and that reflects and partial- 
ly transmits light at the end faces; and electrodes (27) 
that heat around the evanescent-coupled parallel part 
of the first and second optical waveguides to alter a dis- 
tribution ratio of lights emitted from the other ends of the 
first and second optical waveguides to which incident 
light supplied to the first optical waveguide at the other 
end is distributed. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to an optical device, and more particularly to, an optical device provided with directional 
coupling type optical waveguide. 

BACKGROUND OF THE INVENTION 

10 [0002] In recent years, optical fiber communication systems capable of conducting the high-quality transmission of 
large-capacity information have come into practical use. As the component part of such a communication system, a 
directional coupling type optical device that can control optical signal at a high speed and uses optical waveguides 
capable of being miniaturized by integration has been developed. 

[0003] FIG. 1 shows the generalized composition of a conventional optical device thus developed. This optical device 
is is composed of a first optical waveguide 11 and a second optical waveguide 12 on a LiNb0 3 substrate 10. The first 
optical waveguide 11 and the second optical waveguide 12 have same width, thickness and refractive index, and are 
disposed in parallel close to each other, thereby forming a directional coupler 1 3 in this parallel part. The coupling 
length that the movement of light between optical waveguides in the directional coupler 1 3 becomes 100% is defined 
as a perfect coupling length Lc. The directional coupler 13 is formed with a coupling length that is half of the perfect 
20 coupling length Lc. Also, a total reflection film (or total reflection plate) 14 is disposed opposed to the end faces of the 
first and second optical waveguides forming the direclional coupler 13. Further, on the first and second optical 
waveguides 11,12 forming the directional coupler 1 3, control electrodes 1 5, 1 6 are formed through buffer layers (not 
shown), and voltage can be applied to its both ends. 

[0004] When voltage is not applied to the control electrodes 15, 16, the optical energy of incident light 17 supplied 

25 to the first optical waveguide 11 of this optical device gradually moves to the second optical waveguide 12 in the 
directional coupler 13. Then, when propagating by half of the perfect coupling length Lc to reach the total reflection 
film 14, half of the energy of incident light is moved to the second optical waveguide 12. At this time, the first and 
second optical waveguides 11, 12 have a same optical intensity, and have phases inverse to each other. It reflects 
totally on the total reflection film 14, then propagating through the directional coupler 13 in the reverse direction. Also 

30 in this case, the optical energy gradually moves to the second optical waveguide 12. When returning to the incidence 
point of the directional coupler 1 3, all the optical energy is moved to the second optical waveguide 1 2. As a result, 
emitting light 18 with the same optical intensity as incident light 17 is obtained from the second optical waveguide 12. 
[0005] However, this optical device is composed of the first and second optical waveguides 11, 12 on the LiNb0 3 
substrate 10. The substrate 10 has an electro-optic effect, where the refractive index at the periphery of voltage-applied 

35 part varies by electric field occurred by the application of voltage. Thus, applying voltage to the control electrodes 1 5, 
16, the refractive index of the first and second optical waveguides 11, 12 formed under the electrodes can be changed. 
In this state, the coupling state between the optical waveguides changes due to the discordance of phase speed 
between the waveguide modes of the optical waveguides forming the directional coupler 13. Thus, light 18 can be 
controlled so as not to be emitted from the second optical waveguide 12. 

40 [0006] Namely, by applying voltage to the electrode on the optical waveguide forming the directional coupler provided 
on the substrate with the electro-optic effect, when supplying incident light from one optical waveguide, light can be 
controlled so as to be emitted from another optical waveguide or so as not to be emitted therefrom. This means that 
the on/off control of emitted light can be performed. Also, the optical device to perform such control can be miniaturized 
since it only has to have half of the perfect coupling length. 

45 [0007] Such optical devices using the electro-optic effect are, for example, disclosed in Japanese patent application 
laid-open Nos.63-234227(1 988) and 3-256028(1991). 

[0008] However, these optical devices have to use a very specific substrate with the electro-optic effect, e.g., LiNbO a 
substrate. Therefore, there is a problem that especially in combining and integrating various kinds of optical devices, 
the manufacturing cost increases. 

50 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the invention to provide an optical device that the integration can be attained at 
a low manufacturing cost. 
ss [0010] The present invention provides an optical device comprising: 

a first optical waveguide for receiving incident light; 

a second optical waveguide optically coupled at one end to one end of the first optical waveguide; 
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light reflecting means disposed opposite to said coupled ends for reflecting light emitted from a said coupled end; 
and 

means for controllably heating at least one of said first and second optical waveguides to alter a distribution ratio 
of light emitted from the other ends of the first and second optical waveguides. 

s 

[0011] In a first preferred embodiment, an optical device comprises: 

a first optical waveguide disposed on a substrate having a thermo-optical effect; 

a second optical waveguide that, at its one end, has part which is disposed close to and in parallel with part of the 
10 first optical waveguide by a predetermined length on the substrate, and that, at the parallel part, is evanescent- 

coupled with light propagating through the first optical waveguide; 

light reflecting means that is disposed opposed to the end faces, at the one end, of the first and second optical 
waveguides and that totally reflects light emitted from the end faces; and 

distribution ratio altering means that heats around the evanescent-coupled parallel part of the first and second 
is optical waveguides to alter a distribution ratio of lights emitted from the other ends of the first and second optical 

waveguides to which incident light supplied to the first optical waveguide at the other end is distributed. 

[0012] In a second preferred embodiment, an optical device, comprises: 

20 a first optical waveguide disposed on a substrate having a thermo-optical effect; 

a second optical waveguide that, at its one end, has part which is disposed close to and in parallel with part of the 
first optical waveguide by a predetermined length on the substrate, and that, at the parallel part, is evanescent- 
coupled with light propagating through the first optical waveguide; 

light reflecting means that is disposed opposed to the end faces, at the one end, of the first and second optical 
25 waveguides and that totally reflects light emitted from the end faces; 

emitted light detecting means that is disposed opposed to the end face of the second optical waveguide at the 
other end and that detects the intensity of light emitted from the end face of the second optical waveguide at the 
other end; and 

distribution ratio altering means that heats around the evanescent-coupled parallel part of the first and second 
30 optical waveguides to alter a distribution ratio of lights emitted from the other ends of the first and second optical 

waveguides to which incident light supplied to the first optical waveguide at the other end is distributed. 

[0013] In a third preferred embodiment, an optical device, comprises: 

35 a first optical waveguide disposed on a substrate having a thermo-optical effect; 

a second optical waveguide that, at its one end, has part which is disposed close to and in parallel with part of the, 
first optical waveguide by a predetermined length on the substrate, and that, at the parallel part, is evanescent- 
coupled with light propagating through the first optical waveguide; 

light reflecting means that is disposed opposed to the end faces, at the one end, of the first and second optical 
40 waveguides and that transmits part of light emitted from the end faces and reflects the remaining part of light; 

received light intensity detecting means that detects the intensity of light transmitted through the light reflecting 
means; and 

distribution ratio altering means that heats around the evanescent-coupled parallel part of the first and second 
optical waveguides to alter a distribution ratio of lights emitted from the other ends of the first and second optical 
45 waveguides to which incident light supplied to the first optical waveguide at the other end is distributed. 

[0014] In a fourth preferred embodiment, an optical device, comprises: 

a first optical waveguide disposed on a substrate having a thermo-optical effect; 
so a second optical waveguide that, at its one end, has part which is disposed close to and in parallel with part of the 

first optical waveguide by a predetermined length on the substrate, and that, at the parallel part, is evanescent- 
coupled with light propagating through the first optical waveguide; 

light reflecting means that is disposed opposed to the end faces, at the one end, of the first and second optical 
waveguides and that transmits part of light emitted from the end faces and reflects the remaining part of light; 
55 received light intensity detecting means that detects the intensity of light transmitted through the light reflecting 

means; 

emitted light detecting means that is disposed opposed to the end face of the second optical waveguide at the 
other end and that detects the intensity of light emitted from the end face of the second optical waveguide at the 



3 



1 t> 

EP 0 964 290 A1 

other end; and 

distribution ratio altering means that heats around the evanescent-coupled parallel part of the first and second 
optical waveguides to alter a distribution ratio of lights emitted from the other ends of the first and second optical 
waveguides to which incident light supplied to the first optical waveguide at the other end is distributed. 

s 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention will be explained in more detail in conjunction with the appended drawings, wherein: 

10 FIG. 1 is a plan view showing the generalized composition of the conventional optical device, 

FIG. 2 is a plan view showing the generalized composition of an optical device in a first preferred embodiment 
according to the invention, 

FIG. 3 is a graph showing the relationship between supplied electric power and distribution ratio in the first embod- 
iment, 

is FIG. 4 is a plan view showing the generalized composition of an optical device in a second preferred embodiment 

according to the invention, 

FIG. 5 is a plan view showing the generalized composition of an optical device in a third preferred embodiment 
according to the invention, 

FIG. 6 is a plan view showing the generalized composition of an optical device in a fourth preferred embodiment 
so according to the invention, 

FIG. 7 is a plan view showing the generalized composition of an optical device in a fifth preferred embodiment 
according to the invention, 

FIG.8 is a plan view showing the generalized composition of an optical device in a first modification according to 
the invention, and 

25 FIG. 9 is a plan view showing the generalized composition of an optical device in a second modification according 

to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 [0016] The preferred embodiments of the invention will be explained in detail below 

<first embodiment 

[0017] FIG. 2 shows the generalized composition of an optical device in the first preferred embodiment according to 
35 the invention. This optical device is composed of a first optical waveguide 21 and a second optical waveguide 22 formed 
on a substrate 20 that is of quartz glass as the base material. Light is supplied to or emitted from a first port 23 and a 
second port 24 provided at the end face of the substrate 20. The first and second optical waveguides 21 , 22 have same 
width, thickness and refractive index. Also, on the opposite side of the substrate 20 to the first and second ports 23, 
24, the first and second optical waveguides 21, 22 are disposed in parallel close to each other, thereby forming a 
40 directional coupler 25 in this parallel part. The directional coupler 25 is formed with a coupling length that is half of the 
perfect coupling length Lc. The end of this coupling length contacts the end face of the substrate 20, and a total reflection 
film 26 is disposed opposed to the end faces of the optical waveguides. 

[0018] Also, just over or around the first and second optical waveguides 21 , 22 forming the directional coupler 25, 
control electrodes 27, 28 are formed, and electric power is supplied from a control circuit 29. At the first and second 

45 ports 23, 24, for example, optical fiber terminals 30, 31 are coupled abutting on the ports, optionally using micro-optics 
technology to couple through lens to the port, to give such an optical wiring that optical signal is coupled efficiently. 
[0019] When the control circuit 29 does not apply voltage to the control electrodes 27, 28, incident light 32 supplied 
from the first port 23 is propagated through the first optical waveguide 21 , evanescent-coupled with the second optical 
waveguide 22 by the directional coupler 25. Here, the coupling length of the directional coupler 25 is represented as 

so L. When the coupling length L is equal to the perfect coupling length Lc, the optical energy propagating the first optical 
waveguide 21 gradually moves to the second optical waveguide 22, and all the energy is perfectly moved at the end 
surface of the substrate 20 to which the end of coupling length of the directional coupler 25 faces. 
[0020] However, since in the first embodiment, the coupling length L of the directional coupler 25 formed on the 
substrate 20 of the optical device is formed half of the perfect coupling length Lc, at the end face of the substrate 20 

55 to which the end of the coupling length of the directional coupler 25 faces, half of the optical energy propagating the 
first optical waveguide 21 is moved to the second optical waveguide. Further, since the total reflection film 26 is disposed 
opposed to the end surface of the substrate 20 to which the directional coupler 25 faces, the signal light propagating 
the first optical waveguide 21 is totally reflected, again returned through the first and second optical waveguides 21 , 
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22 forming the directional coupler 25. Also, when returned through the directbnal coupler 25, the optical energy grad- 
ually moves to the second optical waveguide 22. Finally, all the optical energy is moved. In this case, emitting light 33 
with a same optical intensity as incident light 32 is propagated through the second optical waveguide 22, emitted from 
the second port 24. 

5 [0021] Namely, for incident light 32 from the first port 23, the coupling length of the directional coupler 25 becomes 
equal to the perfect coupling length Lc by the total reflection of the total reflection film 26, therefore the emitting light 
33 is output from the second port 24. 

[0022] Here, a distribution ratio t| to show the relationship between the optical energy of incident light 32 supplied 
to the first port 23 then propagated through the first optical waveguide 21 , the optical energy of emitting light 33 reflected 
10 at the end face of the directional coupler 25 then propagated through the second optical waveguide 22 and output from 
the second port 24 is defined by: 

ri=(optical energy of emitting light 33)/(sum of the optical 

15 

energy of emitting light 33 and the optical energy of emitting light 

34) (1). 

20 [0023] The condition that the distribution ratio ti becomes 1 is that the coupling length L of the directional coupler 25 
is equal to half of the perfect coupling length Lc. However, the perfect coupling length Lc is determined by various 
factors, one of which is the refractive indexes n of the first and second optical waveguides 21 , 22 forming the directional 
coupler 25. It is known that the refractive index n of optical waveguide can be easily altered by external factors, e.g., 
a mechanical stress, heat and electric field applied to the waveguide substrate. So, by altering the external factors 

25 intentionally, the refractive index n can be altered to adjust the distribution ratio t|. 

[0024] Meanwhile, the optical device in FIG. 2 is composed of the optical waveguides formed on the substrate 20 
that is of quartz glass as the base material. Since such a quartz waveguide has a "thermo-optical effect" that the 
refractive index can be altered by heating, it is most efficient to use a heating system as means for adjusting the 
refractive index n. So, through the control electrodes 27, 28 for heating that are formed just over or around the first 

30 and second optical waveguides forming the directional coupler 25, electric power can be supplied from the control 
circuit 29. By such a composition, only the circumference of the waveguides can be heated locally. 
[0025] When a predetermined voltage is applied to the control electrodes 27, 28 by the control circuit 29, the refractive 
index n varies according to electric power supplied from the control electrodes 27, 28 for heating in the directional 
coupler 25, and as the result, the perfect coupling length Ls also varies. Thus, incident light 32 supplied to the first port 

35 23 is propagated through the first optical waveguide 21 , and the optical energy according to the varied perfect coupling 
length Lc moves to the second optical waveguide 22 side. Then, after being totally reflected by the total reflection film 
26, it returns through the directional coupler 25 and emitting lights 34 and 33 are output from the first and second 
optical waveguides 21 and 22, respectively. Here, the sum of the optical energy of emitting light 33 and the optical 
energy of emitting light 34 is equal to the optical energy of incident light 32. However, by altering electric power supplied 

40 from the control electrodes 27, 28 for heating, the output distributions of emitting lights 33, 34 can be altered arbitrarily, 
and therefore the distribution ratio ti can be adjusted. 

[0026] FIG.3 shows the relationship between electric power supplied from the control electrodes 27, 28 required for 
heating to generate the thermo-optical effect of the optical device in FIG. 2 and the distribution ratio r\. The lateral axis 
indicates applied electric power [W] and the vertical axis indicates the distribution ratio 11 [%]. Also, a waveform 35 

45 represents the distribution ratio r\ to emitting light 33 shown in expression (1 ), and a waveform 36 represents the 
distribution ratio r\' to emitting light 34. Namely, the distribution ratio i\' is given by dividing the optical energy of emitting 
light 34 by the sum of the optical energy of emitting light 33 and the optical energy of emitting light 34. 
[0027] When no voltage is applied to the control electrodes 27, 28, electric power is not supplied. Therefore, when 
incident light 32 supplied to the first port 23 is reflected by the total reflection film 26 then returned through the directional 

so coupler 25 with the coupling length that is set half of the perfect coupling length Lc, all the optical energy is moved to 
the second optical waveguide 22. Namely, the distribution ratio t| to emitting light 33 is 1 00%, and the distribution ratio 
t|' to emitting light 34 is 0%. However, as electric power supplied gradually increases with applied voltage, the energy 
movement to the second optical waveguide 22 reduces gradually. Finally, all the optical energy is propagated through 
the first optical waveguide 21 and output as emitting light 34 (the distribution ratio ti' becomes 100%) . At this time, the 

55 distribution ratio ti to emitting light 33 is 0% since the sum of the optical energies of emitting lights 33, 34 is constant. 
[0028] Thus, in the optical device in the first embodiment, the optical waveguides are formed on the substrate of 
quartz glass as the base material. There are provided the directional coupler 25 with the evanescent-coupled coupling 
length L that is half of the perfect coupling length Lc, where the end of the coupling length faces to the end face of the 
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substrate 20, and the total reflection film 26 disposed opposed to the end face of the waveguide. Also, there are provided 
the control electrodes 27, 28 just over or around the first and second optical waveguides 21 , 22 forming the directional 
coupler 25. Heating it locally, the refractive index n of the optical waveguide of the directional coupler 25 is altered. 
Thereby, the perfect coupling length Lc can be altered and therefore the energy distribution of lights emitted from the 
5 directional coupler 25 can be altered. Also, since inexpensive quartz glass is used as the base material of the substrate, 
the integration can be realized at a lower manufacturing cost than conventional one. Further, by using part of the 
directional coupler repeatedly, the optical device can be miniaturized and electric power required to generate the ther- 
mo-optical effect can be halved. 

10 <second embodiment 

[0029] FIG. 4 shows the generalized composition of an optical device in the second preferred embodiment according 
to the invention. In FIG. 4, like parts are indicated by like reference numerals as used in FIG.2 and their explanations 
are omitted here. The optical device in the second embodiment is composed so that emitting light 33 output from the 
is second port 24 of the optical device in the first embodiment in FIG.2 can be monitored and electric power supplied can 
be altered by applying the control electrodes 27, 28 according to the monitored result. 

[0030] Namely, the first and second optical waveguides 21 , 22 are formed on the substrate 20 that is of quartz glass 
as the base material. Light is supplied to or emitted from the first port 23 and the second port 24 provided at the end 
face of the substrate 20. The first and second optical waveguides 21, 22 have same width, thickness and refractive 

20 index. Also, on the opposite side of the substrate 20 to the first and second ports 23, 24, the first and second optical 
waveguides 21 , 22 are disposed in parallel close to each other, thereby forming the directional coupler 25 in this parallel 
part. The directional coupler 25 is formed with a coupling length that is half of the perfect coupling length Lc. The end 
of this coupling length contacts the end face of the substrate 20, and the total reflection film 26 is disposed opposed 
to the end faces of the optical waveguides. 

25 [0031] Also, just over or around the first and second optical waveguides 21 , 22 forming the directional coupler 25, 
control electrodes 27, 28 are formed, and electric power is supplied from a control circuit 41 . At the first port 23, for 
example, the optical fiber terminal 30 is coupled abutting on the port, optionally using micro-optics technology to couple 
through lens to the port, to give such an optical wiring that optical signal is coupled efficiently. 
[0032] Further, at the second port 24, a photo diode (hereinafter referred to as 'PD') 40 is disposed directly. The 

30 monitoring results of PD 40 are input to the control circuit 41 . 

[0033] For this optical device, the energy movement between the optical waveguides evanescent-coupled according 
to electric power supplied from the control circuit 41 is performed similarly to that in the first embodiment. Therefore, 
the explanations are omitted here. 

[0034] In the second embodiment, emitting light output from the second port 24 is input to PD 40, and therefore the 
35 optical energy of' light emitted as emitting light 33 can be detected as the received light energy of PD 40. Thus, by 
feedbacking the received light results to the control circuit 41 and altering electric power supplied from the control 
circuit 41 to the control electrodes 27, 28, the intensity of light 34 emitted from the first port 23 can be adjusted to a 
desired value. Alternatively, since the sum of the energy of emitting light 34 emitted from the first port 23 and the energy 
of received light by PD 40 at the second port 24 is constant, the intensity of signal light received by PD 40 can be 
40 adjusted. 

[0035] Thus, in the second embodiment, at the second port 24, PD 40 is disposed directly. Light emitted propagating 
through the second optical waveguide 22 is monitored by PD 40. By feedbacking the monitoring results and altering 
electric power supplied from the control electrodes 27, 28 by the control circuit 41 , the intensity of light emitted from 
the first optical waveguide 21 or the second optical waveguide 22 can be adjusted to a desired value. 
45 [0036] For example, such an optical device can be used for the level adjustment of signal light in an optical fiber 
transmission system. 

<third embodiment 

so [0037] FIG. 5 shows the generalized composition of an optical device in the third preferred embodiment according 
to the invention. In FIG. 5, like parts are indicated by like reference numerals as used in FIG.2 and their explanations 
are omitted here. The optical device in the third embodiment is provided with high-reflectivity film (or high-reflectivity- 
plate) 42, which is not total reflection film, that is disposed opposed to the end face of the optical waveguide of the 
substrate 20 where the coupling length of the directional coupler 25 contacts. The high-reflectivity film 42 transmits 

55 part of signal light propagating through the directional coupler 25 by the coupling length L to reach the end face of the 
optical waveguide of the substrate 20, and reflects the rest. The level of signal light transmitted through the high- 
reflectivity film 42 is detected by PD 43, and then feedbacked as the monitoring result to the control circuit 44. 
[0038] Namely, the first and second optical waveguides 21 , 22 are formed on the substrate 20 that is of quartz glass 
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as the base material. Light is supplied to or emitted from the first port 23 and the second port 24 provided at the end 
(ace of the substrate 20. The first and second optical waveguides 21, 22 have same width, thickness and refractive 
index. Also, on the opposite side of the substrate 20 to the first and second ports 23, 24, the first and second optical 
waveguides 21 , 22 are disposed in parallel close to each other, thereby forming the directional coupler 25 in this parallel 

s part. The directional coupler 25 is formed with a coupling length that is half of the perfect coupling length Lc. The end 
of this coupling length contacts the end face of the substrate 20, and the high-reflectivity film 42 is disposed opposed 
to the end faces of the optical waveguides. Signal light transmitted through the high-reflectivity film 42 is input to PD 43. 
[0039] Also, just over or around the first and second optical waveguides 21 , 22 forming the directional coupler 25, 
control electrodes 27, 28 are formed, and electric power is supplied from a control circuit 44 according to the received 

10 light result of PD 43 to receive signal light transmitting through the high-reflectivity film 42. 

[0040] At the first and second ports 23, 24, for example, the optical fiber terminals 30, 31 are coupled abutting on 
the ports, optionally using micro-optics technology to couple through lens to the port, to give such an optical wiring that 
optical signal is coupled efficiently. 

[0041] For this optical device, the energy movement between the optical waveguides evanescent-coupled according 
is to electric power supplied from the control circuit 44 is performed similarly to that in the first embodiment. Therefore, 
the explanations are omitted here. 

[0042] In the third embodiment, the high-reflectivity film 42 transmits part of signal light propagating through the 
directional coupler 25 and the optical intensity of transmitted light is then detected by PD 43. Therefore, electric power 
supplied from the control circuit 44 to the control electrodes 27, 28 can be altered according to the monitoring result 
20 of optical intensity detected by PD 43. Also, it can be detected whether incident light 32 supplied to the first port 23 is 
in the off-state or not. Moreover, the intensity of emitting light 33, 34 emitted from the first or second port 23, 24 can 
be adjusted nearly to a desired value. 

[0043] Thus, in the third embodiment, the high-reflectivity film 42 is disposed opposed to the end face of the optical 
waveguide of the substrate 20 where the end of the coupling length of the directional coupler 25 contacts. Light trans- 
25 mitted through the high-reflectivity film 42 is monitored, which allows the control circuit 44 to be controlled. Thereby, it 
can be detected whether incident light 32 supplied to the first port 23 is in the off-state or not. Even when the level of 
incident light 32 is abruptly varied in controlling constantly either of emitting lights 33, 34, the intensity of either of 
emitting lights 33, 34 can be adjusted nearly to a desired value. 

[0044] For example, such an optical device can be used for the monitoring of signal light in an optical fiber transmis- 
30 sion system. 

<fourth embodiment 

[0045] FIG. 6 shows the generalized composition of an optical device in the fourth preferred embodiment according 
35 to the invention. In FIG. 6, like parts are indicated by like reference numerals as used in FIGS.2, 4 and 5 and their 
explanations are omitted here. The optical device in the fourth embodiment monitors light 33 emitted from the second 
port 24. Further, it is provided with high-reflectivity film 42, which is not total reflection film, that is disposed opposed 
to the end face of the optical waveguide of the substrate 20 where the coupling length of the directional coupler 25 
contacts. Light transmitting through the high-reflectivity film 42 is also monitored. According to the monitoring results 
40 of emitting light 33 and transmitted light of the high-reflectivity film 42, electric power supplied from a control circuit 45 
to the control electrodes 27, 28 can be altered. 

[0046] Namely, the first and second optical waveguides 21 , 22 are formed on the substrate 20 that is of quartz glass 
as the base material. Light is supplied to or emitted from the first port 23 and the second port 24 provided at the end 
face of the substrate 20. The first and second optical waveguides 21, 22 have same width, thickness and refractive 

45 index. Also, on the opposite side of the substrate 20 to the first and second ports 23, 24, the first and second optical 
waveguides 21 , 22 are disposed in parallel close to each other, thereby forming the directional coupler 25 in this parallel 
part. The directional coupler 25 is formed with a coupling length that is half of the perfect coupling length Lc. The end 
of this coupling length contacts the end face of the substrate 20, and the high-reflectivity film 42 is disposed opposed 
to the end faces of the optical waveguides. Signal light transmitted through the high-reflectivity film 42 is input to PD 43. 

50 [0047] Also, just over or around the first and second optical waveguides 21 , 22 forming the directional coupler 25, 
control electrodes 27, 28 are formed, and electric power is supplied from a control circuit 45. 
[0048] At the first port 23, for example, the optical fiber terminal 30 is coupled abutting on the port, optionally using 
micro-optics technology to couple through lens to the port, to give such an optical wiring that optical signal is coupled 
efficiently. 

55 [0049] Also, at the second port 24, PD 40 is disposed directly. The monitoring result of PD 40 is input to the control 
circuit 45. The control circuit 45 supplies electric power according to the received light result of PD 43 to receive signal 
light transmitting through the high-reflectivity film 42 and the received light result of PD 40 disposed directly at the 
second port 24. 
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[0050] For this optical device, the energy movement between the optical waveguides evanescent-coupled according 
to electric power supplied from the control circuit 45 is performed similarly to that in the first embodiment. Therefore, 
the explanations are omitted here. 

[0051] In the fourth embodiment, the high-reflectivity film 42 transmits part of signal light propagating through the 
directional coupler 25 and the optical intensity of transmitted light is then detected by PD 43. Also, the optical intensity 
of light emitted from the second port 24 is detected by PD 40. Therefore, electric power supplied from the control circuit 
45 to the control electrodes 27, 28 can be altered according to the monitoring result of optical intensity detected by PD 
43. Thereby, it can be detected that incident light 32 supplied to the first port 23 is in the off-state. Further, even when 
the level of incident light 32 is varied abruptly, emitting light with a desired intensity to be controlled constant in advance 
can be output. Also, by altering electric power supplied from the control circuit 45 to the control electrodes 27, 28 
according to the monitoring result of optical intensity detected by PD 40, the intensity of emitting light 33 emitted from 
the first optical waveguide 21 can be adjusted precisely to a desired value. 

[0052] Thus, in the fourth embodiment, the high-reflectivity film 42 is disposed opposed to the end face of the optical 
waveguide of the substrate 20 where the end of the coupling length of the directional coupler 25 contacts. Light trans- 
mitted through the high-reflectivity film 42 is monitored, which allows the control circuit 45 to be controlled. Also, light 
emitted propagating through the second optical waveguide 22 is monitored by PD 40 disposed directly at the second 
port 24, and the monitoring result is feedbacked to control the control circuit 45. Thereby, even when the level of incident 
light 32 is abruptly varied in controlling constantly emitting light 33, a desired optical intensity of light can be output. 
Also, according to the monitoring result of PD 40, emitting light 33 can be output with precise signal intensity. 

<fifth embodiment 

[0053] FIG. 7 shows the generalized composition of an optical device in the fifth preferred embodiment according to 
the invention. In FIG. 7, like parts are indicated by like reference numerals as used in FIG. 6 (fourth embodiment) and 
their explanations are omitted here. The optical device in the fifth embodiment is provided with an optical amplifier 50 
to amplify the optical intensity at a predetermined amplification, an optical circulator 51 to which light amplified by the 
optical amplifier 50 is input, and an optical amplifier 52 to which light output from the optical circulator 51 is input. 
Further, the optical circulator 51 is connected to an arrayed waveguide grating (hereinafter referred to as 'AWG') 53. 
AWG 53 can output demultiplexing light input from the optical circulator 51 into N optical fibers 54., to 54 N for wavelength 
components, and can multiplex the respective optical signals input from the N optical fibers 54, to 54 N , outputting it to 
the optical circulator 51. The optical fibers 54 1 to 54 N are connected with the first port 23 of the optical device in the 
fourth embodiment in FIG. 6. This optical device is controlled so that, as described in the fourth embodiment, it can 
output light with a predetermined optical intensity even when incident light is varied abruptly. 
[0054] Amplified light from the optical amplifier 50 is input to the optical circulator 51 . The optical circulator 51 outputs 
light input from the optical amplifier 50 to AWG 53. In AWG 53, the respective wavelength components are input through 
the optical fibers 54, to 54 N to the optical device. Since this optical device can control incident light to be output again 
with a predetermined optical intensity, light with the optical intensity adjusted as described above is output to AWG 53. 
In AWG 53, optical signals with wavelength components thus adjusted to a desired signal intensity and returned again 
are multiplexed, and then are output to the optical circulator 51 . The optical circulator 51 outputs light input from AWG 
53 to the optical amplifier 52. 

[0055] Thus, for example, a repeater in optical fiber transmission system can repeat amplifying optical signal, but 
the signal levels of all wavelength components cannot be always kept constant by the optical intensity of optical amplifier 
since some optical elements have a wavelength-dependent characteristic. Especially in wavelength division multiplex- 
ing system, when wavelength components are transmitted multiplexed, the wavelength-dependent characteristic of 
optical element causes a deterioration in reliability. So, as described above, between the optical amplifiers, the wave- 
length components are demultiplexed, each component being adjusted to have a desired signal intensity, then multi- 
plexed again. Thereby, each of the wavelength components can have a predetermined optical intensity and therefore 
a high-quality transmission system can be obtained. Also, in conventional devices, part for an optical divider, an ad- 
justable optical attenuator or a total reflector requires a very-large mounting area since it is necessary for each wave- 
length component. In this embodiment, so miniaturized devices can be provided. Further, comparing with the conven- 
tional adjustable optical attenuator, the consumption power can be halved. 
[0056] Modifications to the above-described embodiments are explained below. 

<first modification> 

[0057] FIG. 8 shows the generalized composition of an optical device in the first modification. In FIG.8, like parts are 
indicated by like reference numerals as used in FIG. 4 (second embodiment) and their explanations are omitted here. 
[0058] To the first port 23 of this optical device, incident light 32 is supplied through an optical isolator 56. Also, 
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emitting light from the second port 24 is divided by an optical divider 55, one is output as emitting light 33 and the other 
is input to PD 40, enabling the control circuit 41 to be controlled. 

[0059] Thus, the optical isolator and optical divider that prevent light from reflecting into waveguide can be used. 
Thereby, the precision in controlling optical intensity can be enhanced. 

s 

<second modification> 

[0060] FIG. 9 shows the generalized composition of an arrayed optical device. As shown, on a substrate 60 that is 
of quartz glass as the base material, same optical devices 61 -, to 61 M are arrayed. Total reflection film 62 is disposed 

io opposed to the end face where the coupling length of directional couplers contacts. Thereby, it is so miniaturized. Also, 
high-reflectivity film other than the total reflection film can be disposed, where transmitted lights can be detected for 
controlling. Further, the total reflection film and high-reflectivity film may be arrayed in mixture. Also, the optical devices 
in the first to fifth embodiments described above can be arrayed as optical devices 61 , to 61 M , and the total reflection 
film and/or high-reflectivity film may be disposed opposed to the end face where the coupling length of directional 

is couplers contacts. By integrating thus arrayed devices, it is so miniaturized. Also, like the fifth embodiment, arraying 
similarly composed devices for wavelength components allows the device to be further miniaturized. 
[0061] The optical devices described above can be used to control signal light to a constant level while being disposed 
on an optical transmission line, or can be applied to part of WAG, adjustable optical attenuator or reflector. 
[0062] The inventor attains the miniaturization that the mounting area is reduced to one tenth of conventional one 

20 by disposing the optical device(s) on one waveguide substrate. Also, since the coupling length of directional coupler 
is made half of the perfect coupling length, the heat release value is halved, thereby a device such a cooling plate can 
be miniaturized. Further, due to the miniaturization of device and the reduction in manufacturing cost because of ar- 
raying, the cost is lowered to about one third, comparing with when assembling conventionally the respective compo- 
nents. 

25 [0063] Although the invention has been described with respect to specific embodiment for complete and clear dis- 
closure, the appended claims are not to be thus limited but are to be construed as embodying all modification and 
alternative constructions that may be occurred to one skilled in the art which fairly fall within the basic teaching here 
is set forth. 

[0064] Each feature disclosed in this specification (which term includes the claims) and/or shown in the drawings 
30 may be incorporated in the invention independently of other disclosed and/or illustrated features. 

[0065] Statements in this specification of the "objects of the invention" relate to preferred embodiments of the inven- 
tion, but not necessarily to all embodiments of the invention falling within the claims. 
[0066] The description of the invention with reference to the drawings is by way of example only. 
[0067] The text of the abstract filed herewith is repeated here as part of the specification. 
35 [0068] An optical device which has: a first optical waveguide disposed on a substrate having a thermo-optical effect; 
a second optical waveguide that, at its one end, has part which is disposed close to and in parallel with part of the first 
optical waveguide by a predetermined length on the substrate, and that, at the parallel part, is evanescent-coupled 
with light propagating through the first optical waveguide; light reflector that is disposed opposed to the end faces, at 
the one end, of the first and second optical waveguides and that totally reflects light emitted from the end faces; and 
40 distribution ratio altering system that heats around the evanescent-coupled parallel part of the first and second optical 
waveguides to alter a distribution ratio of lights emitted from the other ends of the first and second optical waveguides 
to which incident light supplied to the first optical waveguide at the other end is distributed. 



45 Claims 

1. An optical device comprising: 

a first optical waveguide for receiving incident light; 
so a second optical waveguide optically coupled at one end to one end of the first optical waveguide; 

light reflecting means disposed opposite to said coupled ends for reflecting light emitted from a said coupled 
end; and 

means for controllably heating at least one of said first and second optical waveguides to alter a distribution 
ratio of light emitted from the other ends of the first and second optical waveguides. 

55 

2. An optical device according to Claim 1 , wherein said heating means is arranged to heat the coupled ends of said 
first and second optical waveguides. 
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An optical device according to Claim 1 or 2, wherein said first and second optical waveguides are formed on a 
substrate having a thermo-optical effect. 

An optical device according to Claim 3, wherein said first and second optical waveguides are optically coupled at 
respective parts disposed close to and in parallel with each other. 

An optical device, according to Claim 4, wherein: 

said parallel parts have length that is half of the perfect coupling length and are disposed on said substrate 
so that the coupled ends of said parallel parts are aligned with an end face of said substrate. 

An optical device according to any preceding claim, comprising light detecting means coupled to said heating 
means for detecting the intensity of light emitted from the other end of said second optical waveguide. 

An optical device according to any preceding claim, wherein said light reflecting means is arranged to totally reflect 
light incident thereon. 

An optical device according to any of Claims 1 to 6, wherein said light reflecting means is arranged to transmit 
part of the light incident thereon, said device further comprising means, coupled to said heating means, for detecting 
the intensity of light transmitted through said light reflecting means. 

An optical device according to any preceding claim, wherein: 

multiple sets of said first optical waveguide, said second optical waveguide and said light reflecting means 
are disposed in the form of an array on a substrate. 
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FIG. 5 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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